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A retroviral vector containing the wild-type p53 gene under control of a p-actin promoter 
was produced to mediate transfer of wild-type pS3 into human non-small cell lung cancers 
by direct injection. Nine patients whose conventional treatments failed were entered into 
the study. No clinically significant vector-related toxic effects were noted up to five 
months after treatment. In situ hybridization and DNA polymerase chain reaction showed 
veaor-p55 sequences In posttreatment biopsies. Apoptosli (programmed cell death) was 
more|frequent In posttreatment biopsies than In pretreatment biopsies. Tumor regression 
was noted In three patients, and tumor growth stabilized In three other patients. 



Transformation of the njormal cell to a malignant cell is causally 
related to the acquisition o/ a series of genetic lesions. Most of 
the currently known lesjons cause cither a gain of transforming 
function or loss of rumdr suppressor function by the gene prod- 
uct. Despite trie multiplicity of these lesions within a single 
cancer cell, studies have shown that correction of a single critical 
genetic lesion is sufficient to abrogate tumorigeoJcity in human 
cancer cells" 5 . This raises the possibility that correction of a sin- 
gle genetic abnormality In the cancer cell could mediate a 
therapeutic effect. Two gene families that contribute to carcino- 
genesis are dominant oncogenes and tumor suppressor genes'". 
Tumor suppressor genes may undergo homozygous loss of func- 
tion by mutation, deletion, methylation, or a combination of 
these. We postulated that it may be possible to directly restore 
expression of the pS3 tumor suppressor gene and that this could 
suppress rumor growth in viw. 

The existence of tumor suppressor genes was originally hy- 
pothesized to explain the! inheritance pattern of retinoblastoma*. 
It was postulated that both copies of the putative tumor suppres- 
sor gene must iie eliminated or Inactivated to eradicate the 
growth-suppresslve function of the gene'. Theoretically, replace- 
ment of a nonfunctioning copy of the tumor suppressor gene in 
tells with loss of functiop by a functioning copy could restore 
norma) growth and proliferation pathways. Possible mecha- 
nisms by which such a' replacement could cause clinically 
beneficial effects Include Induction of tumor cell death by direct 
killing (for example, apobtosls) or bystander effects (killing or 
growth arrest of nonuansduced tumor cells mediated by trans- 
duced tumor cells). Induction of tumor cell dormancy, or 
prevention of malignant t regression In premalign&nt calls'. The 
pS3 gene Is frequently rendered nonfunctional in human cancers 
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by mutation or deletion and is therefore a candidate gehe for re- 
placement*. 

A retroviral expression vector was constructed to mediate effi- 
cient transduction of the wild-type pS3 gene into human lung 
cancer cell lines so the effects of wild-type p53 expression in lung 
cancer could be studied In clinically relevant model systems of 
human lung cancer. A wlld-rype pS3 cDNA driven by a p-actin 
promoter was inserted into a modified LNSX retroviral vector'. 
Restoration of the wild-type pS3 gene suppressed growth of lung 
cancer cell lines and growth of human lung cancers in an ortho- 
topic nu/nu mouse model, thus confirming previous 
observations that correction of a single genetic defect In the 
cancer cell decreases tumorigenicity 1 '. These studies'provlded 
the basis for a clinical trial to test the safety and antitumor effi- 
cacy of retrovirus-mediated delivery of the wild-type p53 gene 
to human lung cancer celJs. Retroviral supernatant was directly 
Injected into lung cancers with documented p53 mutations by 
using either a fiberoptic bronchoscope or percutaneous needle 
with radiologic guidance. 

Patient characteristics 

Nine male patients, median age 68 years (range, 51-73), who had 
a history of primary non-small cell lung carcinoma (NSCLC) were 
entered into the study (Tabic 1). Four patients with recurrent 
endobronchial lesions (three squamous cell carcinomas and one 
adenocarcinoma) were treated with bronchoscopic Injections of 
the retroviral p53 expression vector ITRp53A. Four patients with 
chest wall lesions (mo large cell carcinomas, one squamous cell 
carcinoma, and one adenocarcinoma) were treated with percuta- 
neous injections under computed tomographic (CT, three 
patients) or fluoroscopic (one patient) guidance. One patient had 
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Tab}e ^ Characteristics of patients and response to Injections of retroviral vector [TRpS3A 
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a left adrenal metastasis from a large cell carcinoma treated with 
percutaneous injection under CT guidance. All patients in the 
study had recurrent or metastatic tumors that had progressed dur- 
ing prior treatment. Five, patients had undergone surgical 
resection of either the prirr ary lung cancer (three patients) or a 
brain metastasis (two). Five patients had received chemotherapy 
and eight patients had received radiation therapy. 

Detection of vector j 

Polymerase chain reaction dPCA) analysis using primers specific 
for the retroviral transgenej was used to detect the presence of 
vector sequences in tumor biopsies. PCR did not detect a retro- 
viral sequence in any of| the pretreatment biopsies. DNA 
extracted during posttreatrrlent biopsies from two patients and 
post-mortem tumor from olne patient showed the presence of 
vector-derived sequences by PCR (Table 2 and Fig. 1). Six pa- 
tients showed nuclear locillzation of the vector by In situ 
hybridization using the net? probe (Table 2 and Fig. 2). Thus all 
patients, with the exception of patient 9. who did not com- 



plete the treatment protocol, had evidence of gene transfer. 

TUNEL staining of treated tumor specimens 
Pretreatment and posttreatment specimens suitable for tcrmiru. 
deoxynucleotidyl transferase (TDT)-mediated blotin dUTI* nirt 
end-labeling (TUNEL) staining were available from seven pa- 
tients. Six of the seven patients had increased TUNEL staining if 
posttreatment biopsies compared to the pretreatment baseline 
levels (Table 2 and Fig. 3). 

Effects on tumor growth 

Seven of the nine patients were evaluable for effects of the injec- 
tion on tumor growth. Two .patients were not evaluable fw 
response, one because he died before the end of the l-rnonit 
evaluation period and one because he was unable to complete 
the course of treatment. Patient 4 developed aspiration pnuuroo 
nia after placement of a percutaneous gastrostomy tube and dirt 
3 weeks after the first retroviral dose. Patient 9 developed mu$d< 
weakness and respiratory distress secondary to administration o: 
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Table 2 Assessment of gene transfer 
bjr lTRp53A retroviral vector 
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Results of the indicated assays on posttreatment biopsy specimens 
are shown. No pretreatWient samples were positive in DNA-PCR and 
m sllu hybridisation assays. Examples are shown in Fig 1-3 
'All tides were coded and read blinded by a single observer who had 
no knowledge of the pkient or collection date. The percentage of 
tumor cells with punctate nuclear staining was determined in 500 
cells per slide (X400 magnification). The slides were evaluated by 
the following scoring system: 0, no staining; 1, <5% of the cells 
stained; 2, 5 to 20% of the cells stained; 3, >20% of the cells stained 
Slides staining *1 were considered positive; the maximum score for 
each pauent is grven; significant increases in in situ hybridization 
were observed in 6 of 6 ^valuable cases (/> < 0.05, sign test), 
tells with morphologic features of necrosis were not included 
among the TUNEL-positive cells. The percentage of cells with nuclear 
inning was determined jin 500 cells per slide (x400 magnification), 
me background level ofjTDT staining in pretreatment samples was 
<4%. All sides were codec* and read blinded by a single observer who 
had no knowledge of the| patient or collection date. The maximum 
percent of cells staining positively is given for each patient. Mean 
percent ± s.d. of TUNEUstained cells: 1.0 * 0.5 for all pretreatment 
biopsies; 1 0.6 ± 2.9 for posttreatment biopsies. Six of seven biopsies 
showed definitive increases in TUNEL staining after treatment (f < 
0.O5, two-sided Wilcoxon kigned rank test). 

ND, not done because of frn unsatisfactory or unavailable specimen. 



F>g. 1 Polymerase chain reaction evaluation of vector sequences in 
DNA extracted from biopsies of injected tumors from patients 1 
(lanes 1-<) and 3 (lanes 9-1^)' d«d an autopsy specimen of an in . 
Jected tumor from patient 4 (lanes 5-8). PCR was performed with ei- 
ther the Apr3 + RN3 primers specific for ITRp53A sequences or pS3 
exon 8 primers thai recognize endogenous pS3 sequences as a posi- 
tive control. Unes 1, 5, 9: ITRp53A plasmid control; lanes 2, 6. 10: 
primer only control; lanes 3, 7, 11: pretreatment biopsy; lanes 4, 8, 
12; posttreatment tumor specimen day 1, day 1 8 and day 5, The 
PCR products were probed with a "P-labeled, nick-translated pS3 
cDNA BamHl fragment. 



general anesthetic fallowing initial bronchoscopy and 
treatments were discontinued. The patient required respirator 
support for 5 days and ultimately recovered. 

Three of the seven patients showed evidence of tumor regres- 
sion in the treated lesion.| Details of the cases are as follows: 

(1) Patient 1 had recurrence of a squamous carcinoma In the 
Wt mamstem bronchus at the bifurcation of the left upper and 
tower lobes. Bronchoscopy l month after retroviral injection 
showed marked regression of the tumor mass, and two biopsies 
were negative for viable jtumor (Fig. 4). Three bronchoscope 
biopsies in the.region of the original tumor after 3 months 
thowed no evidence of viable tumor. The patient died 4 months 
»ftcr treatment secondary to tumor progression at untreated sites 
in the left lung and distanjt metastases. Autopsy revealed no evi- 
dence of invasive cancer in the epithelium of the treated left 
mainstem bronchus. I 

(Z) Patient 2 had an endobronchial recurrence obstructing the 
"ght upper lobe after taxation therapy. Six separate biopsies 
l month aft^r rPt™ Sra i ;„ ection showea no evidence of viable 



— ■ «-«-««" juuweu no eviaence of viable 

minor at the right upper lobe orifice (Fig. 5). The patient developed 
Pron«;ivp nivisi iHiuhm i« .-v.- ^_„j: „■ ~ .... 
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(3) Patient S had tumor remaining after radiation therapy ob- 
structing the right upper lobe orifice. Six weeks after completion 
of radiation therapy the patient received a single cycle of five 
dally endobronchial injections of the pS3 retroviral vector into 
the tumor mass. The patient died 1 month later from distant pro- 
gression and pneumonia. At autopsy, the right upper lobe orifice 
was patent, with >50% regression of the treated endobronchial 
tumor (Fig. 4). 

Patient 3 had radiographic stabilization of disease for 9 weeks 
following a single treatment cycle. The patient died of complica- 
tions related to resection of a progressively enlarging cervical 
vertebral body metastasis. Patient 8 had stabilization^ an in- 
fected chest wall lesion for 6 weeks after two treatment cycles 
before a second untreated intrathoracic tumor progressed. 
Patient 7, after two treatment cycles, had stabilisation of an 
adrenal metastasis for 8 weeks before the lesion progressed. In 
this patient, a CT scan 2 weeks after injection revealed increased 
lucency at the injection site, suggesting nonviable tumor repre- 
senting 30% of the volume of the mass. During this time a 
smaller right adrenal metastasis enlarged progressively. Patient 6 
had a chest wall lesion which continued to progress after the first 
cycle of treatment. Each of these patients had other sites of dis- 
ease not treated by gene replacement Injection that continued to 
progress during treatment with the vector. In each patient, pro- 
gression at untreated sites was evident at each monthly 
evaluation, contrasting with the stabilization or regression noted 
in the treated lesions. 

The degree of Inflammatory cell infiltrate showed no consis- 
tent changes from the pretreatment biopsies to the biopsies 
taken after injection. Western blot analysis of the posttreatment 
serum from six of the patients did not show the presence of ami- 
bodies to retroviral proteins (data not shown). 

Toxicity 

There were no toxic effects directly attributable to the vector 
Three patients had complications Telatcd to the procedures In- 
volved In administering the vector. Patient 1, who was treated 
under general anesthesia, had transient fever and required Intu- 
bation for several hours after the first bronchoscopy. Subsequent 
procedures were done under topical anesthesia without compli- 
cations. Patient 7 had a pneumothorax during CT-gulded 
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Fig. 2 In situ hybridization with neif of pretreatment and posttreat- 
ment tumor biopsies from patient 1. a, Pretreatment biopsy; 
b. 24-h posttreatment biopsy; probti LNSX plasmid. Arrows point to 
examples of punctate nuclear stainirlg. Additional negative controls 
not shown include saline and pBR plismid. Magnification, xlOOO. 

Injection of an adrenal metastasis. The pneumothorax was small 
and did not require a thoracostomy tube. Patient 9 required intu- 
bation during the first bronchojicopic Injection because of 
difficulty with ventilation. Subsequently, the patient requited 
mechanical ventilation and prolonged intubation. It was be- 
lieved that the patient's pulmonary function was not adequate 
to tolerate subsequent bronchoscopies, and the patient was re- 
moved from the protocol. He was- extubated after S days and 
discharged from the hospital. 

Safety 

All patients had lymphocytes and sputum samples collected for up 
to 3 months posttreatment. Three patients (1, 4 and 5) underwent 
autopsy at 17, 3 and 4 weeks following entry into the protocol. 
Primers specific for vector sequences were used In the PCR analysis 
of DNA extracted from lymphocytes|and sputa of patients before, 
during and after treatment. None elf the nontumor tissues ana- 
lyzed by PCR, Including lymphocytes, tracheal mucosa, brain, 
uninjected lung, gastrointestinal tr^ct tissues, skeletal muscle, 
heart, spleen, liver and testes, showed retroviral sequences, al- 
though the tissues had Intact DNA a|s shown by amplification of 
endogenous pS3 exon 8 in each sarnjple and retroviral sequences 
from the injected rumor of patient 4 (jdata not shown). 




Fig. 3 Staining by TUNEl technique of pretreatment (a) and 24-h 
posttreatment (b) biopsies from patierU 1 . Additional positive and 
negative controls not shown include |H1 299 pS3 homozygously 
deleted human NSCLC tumors grown n nu/nu mice injected with 
adenoviral vector AdCMV-pJJ, which expresses wild-type pS3, and 
all sections processed in the absence oflTDT. Arrows outline region 
of positive nuclear staining. Magnification, x400. 



Dlscussl n 

Rationale and preclinical studies. Preclinical studies in nu/nu 
mice bearing tumors derived from human NSCLC cell lines 
showed that regional administration of viral vectors expressing 
wild-type pS3 prevents growth of tumors with pS3 mutations in 
orthotopic tumor models and mediates regression of large estab- 
lished tumors' ". These studies indicate that retroviral gene 
transfer into tumors following direct in|ection may occur at lev- 
els sufficient to mediate eu'Aically significant tumor regression. 
Retroviral gene transfer is more efficient in cancer cells than was 
anticipated from studies in normal tissues". The selectivity of 
' provlral integration events for proliferating cells favors integra- 
tion by tumor cells. Fresh human cancers have a relatively hi^h 
fraction of proliferating tumor cells""". Viral vectors spread read- 
ily through three-dimensional cancer cell matrices, as 
determined by studies with spheroids and in solid tumors in 
nu/nu mice 1 * - ". 

The observation that correction of a single genetic lesion in 
human cancers with multiple genetic lesions can cause regres- 
sion of the tumors was critical to the development of this 
therapeutic approach'*"'. Restoration of wild-type gene function 
in a single critical pathway appears sufficient to Initiate apopto- 
sis or G, arrest, resulting in either tumor regression or Inhibition 
oF tumor growth. 

Efficiency of gene transfer. The presence of the transgene ^vas 
detected in some but not all tumors by DNA PCR, with the 
longest duration appearing in an autopsy specimen 3 weeks arter 
treatment. In situ hybridization provided additional evidence for 
uptake and nuclear localization of the vector by tumor cells. 

Although direct demonstration of gene expression was not 
documented by reverse transcriptase PCR (data not shown), the 
observation of an increase in TUNEL staining indicative of apop- 
tosis in posttreatment tumor biopsies provides Indirect evidence 
for gene expression. Expression of wild-type pS3 in tumor cells 
with mutant pS3 can mediate apoptosis""". The increase in 
apoptosis seen in posttreatment biopsy specimens suggested thai 
the expression of wild-type pS3 in tumors lacking pS3 function 
can mediate apoptosis In human tumors in vivo, as has been 
shown in vitro and in animal models" ■ U -' MMZ . The rapid respons* 
of some of the tumors is not surprising, as apoptotlc cell death is 
observed In lung cancer cells in culture within 24 hours of .vlld- 
type pS3 expression (T. Timmons and J.A.R., unpublished 
observations). It is also possible that some of the effects seen 
were the result of G, arrest causing a decrease in the proliferation 
rate of the remaining tumor cells"""- 

There are several possible explanations for our inability to de- 
tect retroviral sequences in all tumor biopsies. The high degree of 
cancer cell death in the posttreatment biopsies, and thus the ab- 
sence of viable cells, may explain our inability to identify i'«a« 
retroviral sequences in many of the tumor specimens. Other fac- 
tors influencing detection of retroviral sequences in 
posttreatment biopsies include low levels of expression, indue 
tion of apoptosis, biopsies yielding low amounts of undegra<w 
RNA, and the lower sensitivity of the reverse transcriptase I'CR 

Although the efficiency of transduction of retroviruses into 
tumor cells Is low compared to that of adenoviruses, out stuJv 
indicates that it is sufficient to mediate a therapeutic effect. Th< 
in situ hybridization studies showed that In some regions of tn« 
tumor more than 20% of tumor cells had taken up the virus. 11" 
magnitude of the therapeutic responses seen suggests thai by- 
stander effects may have contributed to the tumor regression* 
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Fig. 4 Prekreatment 
(a and c) and 30-day 
posttreatmeht (/» and 
<S) bronchoscope im- 
ages of patients 1 (a 
and b) and 5 and d). 
a, The lesiom is situ- 
ated in the left main- 
siem bronchus on the 
division of the upper 
and lower yJcs: biop- 
sies showed squamous 
cell carcinorfa (ar- 
rows), b, Left main- 

slern bronchus| 30 days 

^7 IT Mi 3A in,eCti ° n; ^ inde P eri dent biopsies showed ab- 
Th? r I 10 " 0 ' Ce " S - C ' Adenocarcinoma obstructing L 

SSSp tfeatmenu biopsies in th,s r «* ion 



'. SEITEMSE* 1996 



1 ™h 8 ? X, T Bents ° f huma " NSCL C cells retroviraHy trans- 
duced w, n de wnd-type ^ gene'. Addition* suppoZ, 

"0 studies, shdwmg that the therapeutic effect of wild-type vS3 
gene replacement exceeds that expected from the fraction of 
<h transduced by viral vectors'. For some patients, the degree 

IT! reg T CXCe6ded *" eX P eCted h ™ *e percentage 
of transduced cejls, suggesting that a bystander effect occurred 

Lack of toxicity 1 . The lack of toxicity attributable to the vector Is 

encouraging and suggests that a wide window exists for these 
germ n which therapeutic benefit is not accompanied by add ' 
ow d ,ty - t adin< L° f inflamma * oi y '«P°nse in the tumor 
howed no consent changes following vector injection. Thus, 

m appears unhkejy that an immunologic or nonspecific inn* m . 

mdtory response w as the mechanism of rumor regression. 

Potential for clirjical application. Several potential clinical ap- 
plications exist fdV this technology. Local control of many solfd 
tumors remains suboptimal. For example, Iimg cancer patients 
who present with) unresectable local tumors have a greater than 

Z* S * Ln SJ^ pS3 retrovira, vec1or tnat ™* ^ 

could be applied more aggressively at the margin between tumor 




w ■ 4 ° f P ret reatment < 0 ) and SOnJay posttreat. 
*en t ( b) blops , es f f om lne righ , uppef )obe Qf 2 

Squamous Cell carcinoma; b , no viable tumor cells. This is reprint* 
«this time. Hematoxylin and eosin stain. Magnification, x40O. 
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and normal tissue than existing local ablative treatments 

Recent studies have indicated that expression of wild-™, , 
can be S ynerg,stic with DNA-damaging agents such a5 tiij/ 
and radiauon therapy in inducing apop.osis in tumors" | 
the combination of P S3 as a neoadjuvan. or adjuvant with 
primary treatments may improve local rumor control for 
that are not resectable or are nonresponsive to radiat.on 
chemotherapy alone. It is also established that prenwlignam 
s,ons such as Barrett's esophagus and bronchial dy.pl.siav h 
oncogene and tumor suppressor gene mutations thai p ,<. C ed, i 
development or invasive cancers-. These ,e Siom are , 0 c, i ! 
and, conceivably, could be direct!,- injected w„h therapvu 

vSnL ?"f endoSC °P e with ^ to* of preventing Uk < 
velopment of invasive malignancy. 

In this study tumor regression was noted only in cml 
bronchial tumors and was limited to the locaJ tumor V 
authors plan to continue this Study in endobronchial turn.' 
but w,th three rather than five injections to determine whell 
the lower dose is efficacious. Future improvements in vector c 
sign and production techniques may increase the efficacv ' 
retrovln,s-med,ated gene transduction and extend the clink 
applications. A second series of clinical trials is now in p roK rc 
using a repMcation-defective El-deleted adenovirus todeliv 
wild-type/rfJ, and this may achieve higher transduction of- 
aenc.es and higher levels of expression than the retrovir 
vector. Comparison of the efficacy and toxicity profiles of m- 
vectors, as well as their use in combined modality protocols w 
be of interest. 

Methods 

Protocol approval. This protocol was approved by the Biosafe.y an 
Survey Committees of the M.D. Anderson OanCer Cemor ,1- 
Recomb.nant DNA Advisory Committee of the National Institutes , 
Health, and the US Food and Drug Administration (FDA) '• ". 

Gene transfer vector. A 1.8-kb wild-type P 53 cDNA fragmer 
linked to a fj-actin promoter was subcloned into the LNSX retrovir 
vector in 3' to 5' orientation following removal ol an SV40 pre 
moter contained in the original LNSX vector'. The new construe 1 
was called JTRP33A. Amphotropic packaging cell line CP + envAmi 
(g.ft of A. Bank) was used. A single lot of the retroviral vector with 
titer of 5 X 10 colony-forming units per milliliter was produced f c 
«ie clmical trial at the M.D. Anderson Cancer Center and stored i. : 
J0.m| synnges at ^0 - C . Protamine was added at a concentrate c 
5 |ig/ml to enhance retroviral transduction efficiency". 

Eligibility criteria. Nine patients with histologic proof of NSCLC en 
tered the trial. Patients had unresectable tumors and were eithe 
unable to receive primary external beam radiation therapy or ha< 
had a recurrence after such therapy. Patients were also eligible i 
they d.d not respond to or relapsed after chemotherapy. Patient : 
had either endobronchial tumor accessible by the bronchescop. 
with some clinical evidence of bronchial obstruction, advancec 
local-regional cancer which was unresectable, or isolated metas 
tases whose regression or stabilization would offer potential benedi 
to the patient. Patients, with central nervous system or gonadal iu 
mors were excluded. AH patients had a performance status of <2 as 
measured on the Zubrbd scale. The patients signed an informed 
consent document indicating that they were aware of the investiga 
tional nature of this study, in keeping with the policies of the M.D 
Anderson Cancer Center. Mutations in the P S3 gene were identified 
by single-strand conformation polymorphism (SSCP) analysis and 
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ONA sequencing o( a tumor biopsy as described previously". All 
mutations were confirmed by sequencing or SSCP analysis of a sec- 
ond independent PCR reaction. Patients were not treated on 
protocol until 4 weeks after completion of systemic or local therapy. 

Treatment protocol. The treatment protocol and safety studies have 
been described previously". Patents underwent flexible fiberoptic 
bronchoscopy under topical or general anesthesia. A Stifcor trans- 
bronchial aspiration needle (21 gauge) was passed throuph the 
biopsy channel of the bronch ;cjope. The tumor site was In^cted 
with 10 ml of the appropriate (retroviral supernatant For endo- 
bronchial lesions, the 1 0-ml volutne was divided equally among a 
central intratumoral injection site and two to five peripheral injection 
sites. Tissue was biopsied and deprided with the 1-rpm biopsy for- 
ceps. For chest wall tumors, two or three 22-gauge Chiba needles 
were placed, equally spaced, into the tumor, and the 10-ml volume 
was divided equally among these Injection sites. Patient 7, with the 
adrenal metastasis, had a single neeidle placed at a different site in the 
tumor each day. A neodymium.'yttrium-aluminum-garnet laser was 
used for surface coagulation during the first day of treatment for pa- 
tient 1 . Viable tumor was present in subsequent biopsies during 
treatment. Lasers were not used at any other time during the proto- 
col. After patient 6 entered the study, the FDA granted permission to 
treat patients with multiple cycles. Patients with locoregional tumors 
received intratumoral vector iniecjlions at multiple sites percuta- 
neousty under fluoroscopic guidance for a total of five daily 
injections. The maximum volume w^s 10 ml per injection. 

Response and toxicity. All patients were evaluable for response and 
toxicity following one course of therapy. The toxic effects of therapy 
were evaluated according to thjp National Cancer Institute's 
Common Toxicity Criteria". Response to therapy was assessed by 
chest roentgenogram or CT scans bfefore each course of treatment. 
Patients were evaluable for response If they had received at least one 
course of therapy followed by an appropriate radiograph to docu- 
ment response. A complete response was defined as disappearance 
of all clinical evidence of tumor in trie treated area without the ap- 
pearance of new lesions for a period of at least 4 weeks. Patients 
evaluable for a less-than-complete response were those who still had 
a bidimensionally measurable tumo|r. In cases for which serial CT 
scans were available, tumor response^ were determined on the basis 
of volumetric measurements. All measurements were made by one 
radiologist (O.L.). Partial response was defined as a 50% or greater 
reduction in the sum of the products pf the diameters of the measur- 
able tumor; a minor response was defined as a 25% to less than 
50% reduction in the sum of the products of the diameters of the 
measurable lesion. Patients were designated as having progressive 
disease if they showed a 25% or greater increase in the sire of their 
tumor or rf they developed unequivocal new lesions during treat- 
ment in the treated area; they were considered as having no change 
if the treated tumor changed in any way that did riot meet the crite- 
ria described above. The time to progression was measured from the 
first observation of reduction in tumor jbulk until there was evidence 
I of progressive disease. 

For endobronchial lesions, the tumor bed was photographed at a 
I specified distance before each course or therapy. The longest diame- 
I ter and its perpendicular were measurjed. Size was reported as the 
I product of the diameter;. Endoscopic tumors that were not measur- 
I able were considered evaluable for respjonse based on a minimum of 
| four biopsies f the treated tumor bed. 

Survival duration was measured from time of entry into the proto- 
I col. Each patient's response was reviewed by a Data Management 



Committee consisting of a medical oncologist radiation oncologist, 
and thoracic surgical oncologist. 

Efficacy of gene transfer. PCR analyses were performed on pre- 
treatment and post treatment tumor and normal tissue biopsies, 
peripheral blood mononuclear cells, sputa, and specimens col- 
lected at autopsy as described previously*. A nested PCR was used 
to amplify proviral sequences. The primers amplified junction se- 
quences between pS3 exon 3 and the (J-actin promoter. The first 
set of primers was Rev Ex3 (5'-CAA ATC ATC CAT TCC TTG 
CCAC-3') and Apr2 (5'-CAC TCT ACC TCC GAG AAT ACG-3). 
The second set of primers was RN3 (5'-GGC CAC ACA ACG TTC 
TTT TCG-3 1 ) and Apr3 (5'-TGG CCT CCA GGT CGA CTC TAT-3 ). 
Exon 8 of p53 was amplified as an internal control for the presence 
of DNA using primers Ex8A (5'-TTG GGA GTA GAT GGA GCC 
TT-3') and Ex8B (S'-ACA GAG GAA GAG AAT CTC CG-3')- Thirty- 
five amplification cycles were performed for each set of primers. 
The PCR analysis had a sensitivity of one copy in a background of 
10' genomes. 

In situ hybridization. A nexf gene probe was used to avoid the cross- 
hybridization of a p53 probe with endogenous pSi sequences. Slides 
were hybridized at 42 °C overnight with the digoxigenin-labeled 
LNSX plasmid. Negative controls for each section included saline and 
pBR plasmid- A positive control, human H460 NSCLC cells infected 
with LNSX at the single-copy level grown in nu/nu mice as a subcuta- 
neous tumor, was included in each experiment. The slides were incu- 
bated with 0.2% anti-digoxigenin-slkaline phosphatase-conjugated 
antibody in 100 mM Tris-HC! buffer (pH 7.5). The color reaction was 
developed with a phosphate and polyvinyl alcohol buffer. The slides 
were counterstained with Giemsa stain. ^ 

TUNEL assay for ONA fragmentation. The TUNEL assay was a 
modification of a previously described technique"". Slides were 
counterstained with 0.4% methylene green. Corresponding hema- 
toxylin and eosin-stained slides were evaluated for the presence of 
an inflammatory cell infiltrate and were graded on a scale of 1 to 4, 

Statistical analysis. A single-arm study design was used. To prevent 
enrolling more patients than necessary in the trial if excessive toxic- 
ity was found, a Bayesian early stopping rule was implemented. The 
Wilcoxon signed rank test and the sign test were used for compar- 
isons before and after treatment of the percentages of cells showing 
TUNEL staining and in situ hybridization,, respectively. 
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